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Fixed-bed column studies were conducted to evaluate performance of Fe (III) crosslinked
alginate  nanoparticles for the removal of pentavalent arsenic ions [As (V)] from aqueous
environments.  The study involved observing the inﬂuences of column bed depth, inﬂuent As
(V) concentration and inﬂuent ﬂow rates on the removal of arsenic ions. The total adsorbed
quantity,  equilibrium uptake and total percentage removal of arsenic were determined from
the breakthrough curves obtained at different ﬂow rates, initial metal ion concentration and
bed heights. The results showed that column demonstrate fairly well performance at the
lowest  ﬂow rate. Also, column bed capacity and exhaustion time were found to increase with
increasing  bed height. When initial metal ion concentration was increased from 0.5 mg/L
to  1.5 mg/L, the corresponding adsorption bed capacity decreases from 0.066 to 0.022 mg/g.
The  Bed Depth Service Time (BDST) model was used to analyze the experimental data and
the  model parameters were evaluated. Good agreement of the experimental breakthrough
curves  with the model predictions was observed.©  2014 Brazilian Metallurgical, Materials and Mining Association. Published by Elsevier
Editora Ltda. Open access under CC BY-NC-ND license..  Introductionroundwater is an important source of safe and adequate
rinking water. However, in some locations groundwater may
e  contaminated with toxic inorganic chemicals that may
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238-7854/© 2014 Brazilian Metallurgical, Materials and Mining Associahave adverse health effects after prolonged exposure. In
recent  years, arsenic (As) contamination of water and ground-
water  has become a major concern on global scale [1]. It
is  introduced into water through natural and anthropogenic
sources [2,3], dissolution of mineral ores, industrial efﬂuents,
agricultural activities and also atmospheric deposition [4].In  natural waters arsenic occurs mainly as arsenate, As
(V),  and arsenite, As (III). The distribution of As (III)/As
(V)  varies signiﬁcantly depending on the pH and redox
tion. Published by Elsevier Editora Ltda. 
Open access under CC BY-NC-ND license.
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potential values [5]. As (III) exists as non-dissociated H3AsO3
at neutral or slightly acidic conditions and only at pH > 8 con-
siderable  amounts of anionic species are found. Where as
H3AsO4 is almost completely dissociated and present in the
form  of H2AsO4− or HAsO42− (arsenate) anions. In oxygen-
rich ground water only the species of pentavalent arsenic are
found,  whereas trivalent arsenic is found in reduction condi-
tions.  In many  contaminated groundwater As (III) and As (V)
compounds  coexist [6].
Intake of arsenic-contaminated water poses probably the
greatest  threat to human health as it is very toxic and a known
carcinogen.  Epidemiological studies have shown a signiﬁcant
increase  in the risks of lung, skin, bladder, liver, and other can-
cers  associated with high levels of arsenic in drinking water.
Hence  it becomes essential to remove arsenic from water
and,  therefore, appropriate treatments and measures need
to  be employed to the polluted water to attain the required
environmental standards. In recent years many  approaches
have  been developed that include remediation, adsorption,
ion  exchange, reverse osmosis, nanoﬁltration, coagulation,
membrane permeation and oxidation [7–12]. Among all these
methods  mentioned above, adsorption is highly efﬁcient and
economically  viable technique and being extensively used for
the puriﬁcation of water and industrial efﬂuents.
During the past two decades, biosorption studies have
received much  attention due to the diversity of the avail-
able  sorbent materials, such as fungal or bacterial biomass,
alginate and chitosan type of biopolymers. The biosorbents
like  alginic acid which originate from brown seaweeds have
high  afﬁnity toward divalent cations [13,14]. Each divalent
metal  ion binds to two carboxyl groups on adjacent alginate
molecules [15]. Pretreatment or doping of alginic acid with
cations  like Ba2+ Fe2+ & Ca2+ allows interaction of anionic
species of arsenic with the alginate moiety. Earlier, for the
removal  of anionic arsenic from water, calcium alginate (CA)
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Fig. 1 – Schematic representation of crossl. 2 0 1 4;3(3):195–202
beads were placed in a column to form a ﬁxed bed and were
treated  with hydrous ferric oxide. It was  noticed, that 50 g/L
of  arsenic was  removed from water [10,16] which suggested
a  method for arsenic removal using iron-doped calcium algi-
nate  beads (Fe-CA). They showed that up to 94% removal of As
(V) from solution of concentration 400 g/L can be achieved
by  equilibration of this solution with 20 beads of adsor-
bent  at pH 4 for 120 h. However, the very high equilibration
time (120 h) is not at all practical and also both the above-
mentioned methods are applicable only when the arsenic
concentration lies in the range g/L level. Sometimes the con-
tamination  of As in drinking water is much  higher than this
level  [17].
Hence the preceding discussion has motivated the authors
to  design iron crosslinked alginate nanoadsorbents for an
efﬁcient  removal of arsenic ions and bacteriological contami-
nations  from aqueous solution. Fixed bed column studies were
conducted  and parameters like inﬂuent initial concentration
and  ﬂow rate were  varied to achieve optimization. The break-
through  curves for the adsorption of metal ions were  analyzed
using  bed depth service time (BDST) model.
2.  Experimental
2.1.  Materials
Alginate, ferric chloride and calcium chloride (used as a
crosslinker) were  obtained from Loba Chemie, Mumbai, India.
Parafﬁn  oil (Sigma–Aldrich Co., USA,) was  used for preparing
oil  phase. Other chemicals such as, potassium iodate, leuco
crystal  violet, sodium arsenate (adsorbate), acetone, toluene
etc.  used were of high purity grade. Double distilled water was
used  throughout the experiments.
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.2.  Methods
.2.1.  Preparation  of  iron  crosslinked  alginate
anoparticles (Fe-alginate)
or the preparation of nanoparticles emulsion crosslinking
ethods was  used as described here. An aqueous phase was
repared  by dissolving known amount of alginate in warm
ater,  while for preparing the ‘oil phase’ parafﬁn oil (light)
as  used. The above two solutions were  mixed with vigorous
haking  (shaking speed 1000 RPM, 5 L capacity, Remi, India) for
0 min  and to this emulsion 0.5 M ferric chloride was  added
ith  constant stirring. The crosslinking reaction, as shown
n  Fig. 1, was  allowed to take place for 2 h at room tempera-
ure  (30 ◦C). After the crosslinking reaction was  over, the color
f  alginate nanoparticles changed to brownish white which
as  an evidence of the completion of crosslinking reaction.
he  brownish white nanoparticles of alginate were cleaned
y  washing them twice with toluene and thrice with acetone
hich  resulted in ﬁne red-brown powder. The so prepared
anoadsorbents were  stored in air-tight polyethylene bags.
.2.2.  Preparation  of  calcium  crosslinked  alginate
anoparticles (Ca-alginate)
a crosslinked alginate nanoparticles were prepared by emul-
ion  crosslinking methods as described above. Aqueous phase
f  alginate was  prepared by dissolving known amount of it in
arm water, while for ‘oil phase’ parafﬁn oil (light) was used,
nd  both solutions were mixed with vigorous shaking (shak-
ng  speed 1000 RPM, 5 L capacity, Remi, India) for 30 min  and
o  this emulsion 0.5 M calcium chloride was  added with con-
tant  stirring. The crosslinking reaction, was  allowed to take
lace  for 2 h at room temperature (30 ◦C). After the completion
f  crosslinking reaction, white gelatinous mass washed twice
ith  toluene and thrice with acetone which resulted in pow-
er.  The so prepared nanoadsorbents were stored in air-tight
olyethylene bags.
.2.3.  Adsorption  experiments
he adsorption experiments were carried out in ﬁxed bed
olumn  mode at ambient temperature. Since the column
perations are essential for industrial scale designing the
bjectives  of the column experiments was  to study the effects
f  process parameters on the adsorption of As (V) ions. The fol-
owing  three parameters were  selected for column adsorption
tudies:
(i)  Effect of inlet metal ion concentration: Inlet concentra-
tion of the As (V) ions was  varied to 0.5, 1.0 and 1.5 mg/L
at  2 cm bed height and 0.5 mL/min ﬂow rate, respectively.
(ii) Effect of bed height: Bed height was  varied to 2 cm,  4 cm
and  6 cm keeping the ﬂow rate and initial metal ion
concentration as constant at 0.5 mL/min and 1.0 mg/L,
respectively.
iii)  Effect of ﬂow rate: Flow rates were  varied to 0.25, 0.5 and
1.0  mL/min with ﬁxed bed height and inlet As (V) ions
concentration at 2 cm and 1.0 mg/L, respectively..2.4.  Experimental  set-up  for  adsorption
ixed-bed column experiments were conducted using hypo-
ermic  plastic syringes (internal diameter 15 mm,  length0 1 4;3(3):195–202  197
100  mm)  packed with Fe-alginate nanoparticles between two
supporting  layers of glass wool. Introduction of glass wool at
the top of the medium prevented the adsorbent from ﬂoating
in  the arsenic solution. In a typical experiment, the solution
of  known metal ion concentration was  pumped by peristaltic
pump  (0.2–60 mL/min, Riviera, India) at a ﬁxed ﬂow rate to the
column  ﬁlled with known bed height of the nanoadsorbents.
The efﬂuents from the column were collected every second
minute  and the remaining amount of arsenic in the efﬂu-
ent  was  analyzed spectrophotometrically [18] as described
below.
As  (V) content in efﬂuent was  estimated by adding 2 mL,
1%  potassium iodate, 1 mL  0.5 M HCl, 3–4 drops of Leuco
crystal violet and 5 mL 2 M NaOH and further incubating it
in  the temperature range of 35–40 ◦C. After incubation the
whole  content was diluted to 25 mL  with double distilled water
and  absorbance was  noticed against blank at 592 nm using
a  systronic-106 spectrophotometer (Ahmedabad, India). The
detection  limit of spectrophotometric method is 0.002 g/L
and  the molar absorptivity, standard deviation and rela-
tive  deviation were  found to 1.47 × 106 L/mol/cm, ±0.007 and
1.76%,  respectively.
2.2.5.  Analysis  of  adsorption  data
The time for breakthrough appearance and the shape of
the  breakthrough curve are very important characteristics
for determining the operation and the dynamic response of
adsorption  column. The breakthrough curves show the load-
ing  behavior of metal to be removed from the solution in the
ﬁxed  bed column and they are usually expressed in terms
of  adsorbed metal concentration (Cad = normalized concentra-
tion,  deﬁned as the ratio of efﬂuent metal concentration to
inlet  concentration (Ct/Co)) as a function of time or volume of
efﬂuent  for a given bed height [19].
The area under the breakthrough curve (A) obtained by
integrating the adsorbed concentration (mg/L) versus time
(min)  plot can be used to ﬁnd the total adsorbed metal quantity
(maximum column capacity) which for a given feed concen-
tration  and ﬂow rate (Q) can be calculated from Eq. (1):
qtotal =
Q
1000
×  [ttotal − t0] × Cad (1)
Total amount of metal ion sent to column (mtotal) can be
calculated from Eq. (2)
mtotal =
CoQttotal
1000
(2)
Similarly, the total removal (%) is calculated from Eq. (3):
Total removal (%) = qtotal
mtotal
× 100 (3)
Equilibrium metal uptake (qeq) (or maximum capacity of
the  column) in the column is deﬁned by Eq. (4) as the total
amount  of metal sorbed (qtotal) per g of sorbent (m) at the end
of  total ﬂow time.
qeq = qtotal
m
(4)
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Fig. 2 – FTIR spectra of (a) native nanoparticles, and (b) As (V) - adsorbed alginate nanoparticles.2.2.6.  Characterization
2.2.6.1.  FTIR  spectra.  The FTIR spectra of unadsorbed (bare)
and As (V) adsorbed alginate nanoparticles were recorded on
a FTIR-8400, Shimadzu Spectrophotometer. Sample for the
spectral  analysis were  prepared by mixing alginate and KBr
in  1:10 proportion and the spectra was  obtained in the range
of  4000–400 cm−1.
2.2.6.2.  TEM  studies.  The size and morphology of the
nanoparticles  were  determined by conducting TEM analy-
sis  of the Fe-alginate nanoparticles performed on Morgagni
268-D  transmission electron microscope with an accelerat-
ing  voltage of 80.0 kV. The samples for TEM measurement
were  prepared by dispersing a drop of the sample solution on
Formvar-coated C grids.
2.2.7.  Study  of  antibacterial  property
For evaluating nanoparticles efﬁciency against bacterial con-
taminations  Heterotropic plate count [20] method was  adopted to
study the antibacterial activity. At ﬁrst, the water sample (col-
lected  from Govt. Model Science College campus) was  allowed
to  ﬂow through the column and efﬂuent was  transferred in
Petri  plates and to the same plate nutrient agar was added
which  was  prepared by dissolving 2.8 g of nutrient agar (Hime-
dia,  India) in 100 mL  of distilled water, and then autoclaved at
121 ◦C, 15 Ibs for 15 min. These agar plates were allowed to dry
for  30 min  in the laminar blower and then these plates were
incubated  at 37 ◦C for 24 h in bacteriological incubator. Finally,
the  plates were  observed for the number of colony formed.
2.3.  Statistical  analysisAll experiments were done at least thrice and ﬁgures and data
have  been expressed along with the respective error bars and
standard  deviations, respectively.3.  Results  and  discussion
3.1.  Characterization  of  nanoparticles
3.1.1.  FTIR  spectral  analysis
The IR spectra of bare and arsenic adsorbed Fe-alginate
nanoparticles are shown in Fig. 2(a) and (b), respectively
which conﬁrm the presence of alginate and arsenic in the
adsorbed  nanoparticles. The evidence for the presence of
alginate  comes from appearance of two peaks at 1583 cm−1
due to asymmetric stretching vibration and near 1425 cm−1
due to asymmetric COO− stretching vibration [21]. A broad
peak  around 3000–3600 cm−1 indicates the vibrational bands
of  OH and conﬁrms the presence of the hydroxyl group. The
FTIR  spectra also marks the presence of methylene group at
2856  cm−1 due to asymmetric stretch of CH2.The spectra (b)
conﬁrms  the presence of arsenic as evident from the peak
appeared  around 667 cm−1 [22]. Another important observa-
tion  from the FTIR analysis was  the slight shift in peak from
1583  cm−1 in the spectra (a) to 1573 cm−1 in the spectra (b).
3.1.2.  Transmission  electron  microscopy  (TEM)
In order to determine the size and morphology of the prepared
nanoparticles transmission electron microscopy (TEM) images
were  recorded as shown in Fig. 3. It is clear from the image  that
nanoparticles  vary in their size in the range of 31–43 nm.
3.2.  Column  studies
3.2.1.  Comparison  of  removal  efﬁciency  of  Fe-alginate  and
Ca-alginate  nanoparticles
In the current research paper two types of nanoparticles were
prepared  and the adsorption experiment was performed on
both  nanoparticles. It was observed from the results that the
arsenic  removal efﬁciency of Fe-alginate is more  compared
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Fig. 4 – The effect of (a) ﬂow rate, and (b) bed height on the
breakthrough curves for adsorption of As (V) ions ontoFig. 3 – TEM image of native nanoparticles surfaces.
o Ca-alginate. The results obtained are shown in Table 1. It
as  also observed from the antibacterial studies that the Fe-
lginate  nanoparticles were found effective against bacterial
ontamination as depicted in Table 2. Thus, it proves that iron
ncorporation  has increased arsenic removal and antibacterial
roperty of alginate. Thus on the basis of above experimen-
al  results Fe-alginate nanoparticles were  selected for further
tudies.
.2.2.  Effect  of  metal  ion  concentration
he effect of initial concentration of As (V) on their adsorp-
ion  was  studied over the range of 0.5–1.5 mg/L in continuous
ow  method when other experimental conditions (bed height
.0  cm and ﬂow rate 0.5 mL/min) are kept constant. It is noticed
hat  when the initial metal ion concentration increases from
.5  to 1.0 mg/L, the corresponding adsorption bed capacity
ecreases from 0.066 to 0.022 mg/g. At low initial concen-
ration, breakthrough occurred late and the treated volume
as  also higher. The larger the initial feed concentration, the
teeper  is the slope of breakthrough curve and smaller are
he  breakthrough time and exhaustion time. This is due to
he  fact that alginate nanoparticles bed gets quickly saturated
hus  leading to earlier breakthrough and exhaustion time.
hese  results demonstrate that the change in concentration
radient affects the saturation rate and breakthrough time.
herefore,  the diffusion process depends on the inlet con-
entration  [23,24]. The values of mtotal, qtotal and total metal
emoval are summarized in Table 3..2.3.  Effect  of  ﬂow  rate
he effect of ﬂow rate is one of the prime factors that dras-
ically  inﬂuence the adsorption behavior of a system in a
Table 1 – Data showing the comparative results of effect of initi
quantity (qtotal), equilibrium uptake (qeq), total metal removal (%
adsorption of As (V) onto Ca-alginate and Fe-alginate nanopart
S. no. Adsorbent Concentration of
metal ion (mg/L)
qtotal (mg) 
1.  Ca-alginate 1 0.0162 ± 0.00
2. Fe-alginate 1 0.0276 ± 0.00nanoparticles of deﬁnite composition.
continuous ﬂow method. In the present study, the effect of
ﬂow  rate has been observed by varying the ﬂow rate of the
solution  in the range of 0.25 mL/min to 1 mL/min. The break-
through  curve is shown in Fig. 4(a), which indicates that
initially  the adsorption was rapid at slower ﬂow rate proba-
bly  associated with the availability of active sites capable of
capturing  metal ions. In the next stage of the process due
to  the gradual occupancy of these sites, the uptake becomes
less  effective. When the ﬂow rate increases, the breakthrough
point and % removal decrease. The possible reason behind
these  ﬁndings is that when the contact time of the metal ions
with  the nanoparticles in the column is not enough to reach
adsorption  equilibrium at high ﬂow rate, the arsenic solution
leaves  the column before equilibrium occurs. Thus the con-
tact  time of arsenic ions with alginate nanoparticles is very
short  at higher ﬂow rates and this causes a reduction in the
removal  efﬁciency [25]. An earlier breakthrough and exhaus-
tion  time were observed in the proﬁle, when the ﬂow rate was
increased  to 1.0 mL/min. The values of mtotal, qtotal and total
metal removal are summarized in Table 3.
3.2.4.  Effect  of  bed  height
The bed height of the column is an important controlling
parameter in adsorption process, as the accumulation of
metals  in the ﬁxed-bed column is largely dependent on the
quantity  of adsorbent present inside the column. The effect of
al concentration of metal ions on the total adsorbed
), and total metal ion sent to the column (mtotal) for
icles.
mtotal (mg) % removal qeq (mg/g)
04 0.0360 ± 0.0010 45 0.0342
08 0.0400 ± 0.0012 69.12 0.0553 ± 0.0016
200  j m a t e r r e s t e c h n o l . 2 0 1 4;3(3):195–202
Table 2 – Comparative values of cfu counts in water samples before and after treatment with Fe-alginate and Ca-alginate
nanoparticles.
S. no. Adsorbent Experiment CFU count before puriﬁcation CFU count after puriﬁcation
(24  h incubation)
>30
>301. Fe-alginate Column mode 
2. Ca-alginate Column mode 
bed height on breakthrough curve was  studied by performing
adsorption experiments in the range of 2.0–6.0 cm as shown in
Fig.  4(b). The results clearly indicate that the exhaustion time
increased  with increasing bed height. The observed increase
in  adsorption may  be attributed to the fact that with increas-
ing  bed height more  binding sites are available on the surface
of  nanoparticles. This brings about an increase in the break-
through  time and % removal [26]. The values of mtotal, qtotal
and total metal removal are summarized in Table 3.
3.2.5.  Modeling  of  breakthrough  curves
Successful design of a column adsorption process requires
prediction of the concentration–time proﬁle or breakthrough
curve for the efﬂuent. Many  mathematical models have been
developed  to describe metal adsorption over different adsor-
bents.  The design of the adsorption process is based on the
accurate  generation of breakthrough curves. The ﬂow rate of
the  feed solution, concentration of metal ions in the feed and
bed  height greatly affect the breakthrough time, exhaustion
time  and adsorption capacity of the bed. In the present study
the  dynamic behavior of the ﬁxed bed column was  predicted
using  BDST model.
3.2.6.  Bed  depth  service  time  model  (BDST)
Adams–Bohart model [27] is based on the surface reaction
theory which assumes that equilibrium is not instantaneous
and,  therefore, the rate of adsorption is proportional to the
adsorption  capacity which still remains on the sorbent. This
approach  was  focused on the estimation of characteristic
parameters such as maximum adsorption capacity (No) and
Bacterial lawn
B
c
a 
Fig. 5 – Photograph showing antibacterial activity of iron crosslin
contaminated water.0 (above countable limit) 35 cfu/mL
0 (above countable limit) No removal
kinetic  constant (Ka) using a quasi chemical kinetic rate
expression. According to the Adams–Bohart model, the follow-
ing  equation is used to predict the performance of continuous
adsorption columns. This is also called as BDST model which
gives  linear relationship between bed depth (Z) and service
time  (t):
t = NoZ
CoQ
− 1
Ka
ln
(
C0
Ct
− 1
)
(6)
where Ct is the break through metal ion concentration (mg/L),
No is the sorption capacity of bed (mg/L), Q is the linear velocity
(mL/min) and Ka is the rate constant. The column service time
is  selected as time, as the efﬂuent concentration reaches the
initial  concentration.
By  plotting t against Z for different breakthrough percent-
age  from experimental data, No can be evaluated from the
slope  of the graph and Ka from the intercept. The value of
No and Ka determined from linear plot drawn between service
time  (t) versus bed height (Z) were found to be 0.0245 mg/L and
2.7085  L/mg min, respectively. Higher value of Ka indicates that
the  rate of solute transfer from liquid phase to solid phase, i.e.,
transfer of arsenic ions from water sample to the nanoparti-
cles,  is high. The value of regression coefﬁcient in this case
was  found to be 0.9643.3.3.  Antibacterial  studies
The results obtained from the antibacterial study of Fe-
alginate  nanoparticles are shown in Fig. 5 and Table 2. Fig. 5(a)
acterial
olony
b
ked nanoparticles (a) before, and (b) after treatment of
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Table 3 – Data showing the effect of initial concentration, ﬂow rate and bed height on the total adsorbed quantity (qtotal),
equilibrium uptake (qeq), total metal removal (%), and total metal ion sent to the column (mtotal) for adsorption of As (V)
onto alginate nanoparticles.
Initial concentration
(mg/L)
Bed height
(cm)
Flow rate
(ml/min)
qtotal (mg) mtotal (mg) @Total metal
removal (%)
Metal
qeq (mg/g)
0.5 2 0.50 0.0330 ± 0.0009 0.0425 ± 0.0012 77.64 0.0660 ± 0.0019
1.0 2 0.50 0.0276 ± 0.0008 0.0400 ± 0.0012 69.12 0.0553 ± 0.0016
1.5 2 0.50 0.0110 ± 0.0003 0.0375 ± 0.0011 29.33 0.0220 ± 0.0006
1.0 2 0.25 0.0185 ± 0.0005 0.0275 ± 0.0008 67.49 0.0371 ± 0.0011
1.0 2 0.50 0.0158 ± 0.0004 0.0250 ± 0.0007 63.20 0.0316 ± 0.0009
1.0 2 1.00 0.0239  ± 0.0007 0.0500 ± 0.0015 47.80 0.0478 ± 0.0014
1.0 2 0.50 0.0197  ± 0.0005 0.0300 ± 0.0009 65.83 0.0394 ± 0.0011
1.0 4 0.50 0.0315  ± 0.0009 0.0450 ± 0.0013 70.00 0.0315 ± 0.0009
 ± 0.0
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nd (b) shows cfu counts in petri plates of untreated and
reatment water samples, respectively. It is clear from the
esults  that the bacterial growth is more  in case of untreated
ater  sample, whereas the number of colonies were found
o  be reduced in case of treated water sample as shown in
ig.  5(b). Thus, it has been proved that the Fe-alginate nanopar-
icles  used for adsorption studies remove not only As (V)
ons  but also bacteriological contaminations from water sam-
le.
.  Conclusions
n the current study the iron and calcium crosslinked algi-
ate  nanoparticles were  prepared by emulsion crosslinking
ethod. The size of alginate nanoparticles conﬁrmed by TEM
nalysis  is found to lie in the range to 31–43 nm.  The FTIR
tudy  reveals information about the structure of the algi-
ate  nanoparticles and provides spectral evidence for the
dsorption  of arsenic ions. Iron crosslinked alginate nanopar-
icles  used in the present adsorption studies prove to be an
ffective  adsorbent for removal of As (V) ions from aqueous
olutions.
The  adsorption capacity is strongly dependent on the ﬂow
ate  of the metal ion solution, initial metal concentration and
ed  height of the adsorbent column. As the ﬂow rate increases,
he  breakthrough becomes steeper, where as the break-
hrough point and adsorbed ion concentration decreased.
oth  breakthrough time and exhaustion time increased with
ncreasing  bed height. The calculated values of No and Ka were
ound  to be 0.0245 mg/L and 2.7085 L/mg min, respectively.
a value obtained from the BDST plot, shows higher rate of
rsenic  ion transfer from the aqueous solution to nanoparti-
les  surface. Nanoparticles used for adsorption studies were
ound  to be effective against bacteriological contaminations
oo.
The iron oxide impregnated nanoparticles also demon-
trate  antibacterial property which is evident from the
bserved lower cfu values of water which has been treated
ith  the nanoparticles.
Thus,  on the basis of the results obtained in the
resent investigation Fe-alginate nanoparticles prove to be an
ffective adsorbent for the removal of As (V) ions and bacteri-
logical  contaminations from aqueous solutions.015 0.0650 ± 0.0019 78.47 0.0340 ± 0.0010
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